Abstract. Responsible Research and Innovation (RRI) is a cross-cutting theme for the European Union Horizon 2020 programme. On one hand it may be seen as a burden for the R&D community but on the other, as a source of innovation and creativity aligned with the values of the society. The paper attempts to explore the possibilities of making Responsible Research and Innovation a framework that strengthens and deepens the relationship of a business with the clients and the rest of its environment. Special attention is paid to the relationship between RRI, Future-Oriented Technology Analysis and Technology Management. RRI principles are studies from the perspective of an enterprise.
Introduction
European Union institutions and their documents are an abundant source of new terminology and jargon that penetrate various spheres of social and economic life of its member states and beyond. Recent years have witnessed the introduction of Forward-Looking Activities (FLA), FutureOriented Technology Analysis (FTA), Smart Specialisation Strategy to name just a few terms that fall within author's research interests. The common feature of all these novel phrases is their ambiguity at the moment of introduction. The terms begin to feature in the EU legal acts, programme guidelines and speeches but there remains a high degree of uncertainty as to what they actually mean.
Responsible Research and Innovation (RRI) belongs to the same category of EU-conceived terms. It first surfaced in 2009 in the context of nanotechnology development (Robinson 2009 ). Two years later, in May 2011, it appeared as a generic policy concept not related to any particular field of research (European Commission 2011) and it continued to spread in the EU legislation (European Parliament 2013) . Since then a number EU funded projects have embarked on a quest to build common understating of RII among European stakeholders and to progress towards the operationalisation of the concept.
One of the most frequently recalled definitions that is rooted in EU policy principles and was prepared by a European Commission staff member states that Responsible Research and Innovation is a transparent, interactive process by which societal actors and innovators become mutually responsive with a view to the (ethical) acceptability, sustainability and societal desirability of the innovation process and its marketable products (in order to allow a proper embedding of scientific and technological advances in our society) (von Schomberg 2011). Another definition, a more general one, with a clearer reference to the prospective aspect of responsibility, is proposed by Stilgoe et al. (2013) and descibes RRI as taking care of the future through collective stewardship of science and innovation in the present.
This paper offers a synthesis of the current body of knowledge on Responsible Research and Innovation. It focuses on RRI relevance not only as a new framework for science, technology and innovation policy but also as a practical proposition for enterprises engaged in technological innovation. The added value of this work is the creation of conceptual link and terminological hierarchy between RRI, Future-Oriented Technology Analysis and Technology Management. The methods deployed in research presented in this paper include literature review, logical construction and bibliometrics.
Responsible Research and Innovationa policy-relevant concept on the rise
While RRI is a fairly young term, the problem it describes is by no means new. The complex relationship between research, technical development, innovation and dominant societal values has been discussed for a long time now. It seems, however, that -as our societies are being transformed into knowledge societies where knowledge is becoming the principal source of wealth -the debate is gaining intensity. Emergence and advances in the fields of atomic energy, biotechnology, genetic engineering, nanotechnology, brain science, human enhancement, to name just a few, are causing that RRI is coming to be increasingly prominent as a policy-relevant concept providing theoretical and practical framework for reflection and action. Using Thomson Reuters Web of Science as a reference one may observe that the number of publications and citations of works on the topic of Responsible Research and Innovation is consistently increasing, the work of Robinson (2009) being the earliest and the paper of Owen et al. (2012) being the most popular one on the topic. Queries concerning related topics: responsible innovation and responsible research show the same steep upward trend. In 2014 a new periodical entitled Journal of Responsible Innovation was established with the focus on exploration and application of ideas of responsibility to knowledge-based innovations and innovation policies (Guston et al. 2014) .
With RRI becoming a Horizon 2020 crosscutting action one may be confident that the trend visible in the figures continues for at least half a decade from now. It will be guaranteed by the rule that 0.5% of the budgets for the "Societal Challenges" and "Industrial Leadership" pillars of H2020 would be reserved for RRI/Science with and for Society actions (European Commission 2013) .
Further bibliometric analysis conducted with use of VOSviewer software (developed at the Centre for Science and Technology Studies, Leiden University) allows to distil most frequent terms that occur in the scientific literature on RRI. In Figure 3 one may observe two most prominent clusters. The first cluster obtained from the analysis of titles, keywords and abstracts of 296 RRIrelated publications from years 2009-2016 indexed in Thomson Reuters Web of Science is centred around the following terms: responsible innovation, innovation, technology, impact and governance. It reflects the essence of RRI which stems from the premise that innovation and technology need governance so that their impact is understood and controlled. The second distinguishable cluster includes among others the following words: researcher, ethics, policy, interest, guideline. It stresses the role of individuals (especially researchers in the public and private sectors) in following the ethical guidelines of RRI and assuring ethical integrity of their endeavours in the innovation domain. Although not at the top of the list, Europe is the only geographical term that features prominently in the scholarly works on the subject. This observation is in line with the origin of RRI as a concept and with the fact of its adoption as an EU policy. The conclusions from the clustering exercise presented above are reinforced by the information on the bibliometric networks visible in Figure 4 . The strongest links (between 10 and 30 occurrences) exist between the following terms: innovation, responsible innovation, technology, policy, impact, governance, future, application, ethics. Additionally, sectoral foci of RRI are revealed by frequent occurrence and strong interconnection of nanotechnology, medicine and health. This points to the science and technology domains that evoke most questions and dilemmas of social, environmental and ethical nature (Nazarko et al. 2013a) and suggests that more in-depth RII-related technology mapping is required (Gudanowska 2014) .
Reflections on responsibility in the context of research and innovation
Out of the three nouns constituting the discussed term responsible is definitely the most ambiguous one (research and innovation having been thoroughly discussed and generally understood in the academic and policy-maker communities). Despite that lack of clarity one may say that this is the word responsible that makes RRI such a trendy, incontestable intuitively right concept . In the end, who would prefer "irresponsible" research and innovation instead of "responsible" research and innovation?
There are different dimensions of and different lenses though which one may look at responsilbity. proposes three constitutive dimensions of responsibility: empirical, ethical and epistemological (Fig. 5) . In order to help organisations comprehend the concept of responsibility in research and innovation and find their role to play Grunwald (2013) proposes a five-stage reconstruction (Fig. 6) . Going further down to the practical level and expanding the concept of Iatridis and Schroeder (2016) one may conclude that an organisation (enterprise, R&D unit, NGO etc.) finds itself in the relation of responsibility with the following actors: owners (supervisors or shareholders), government, consumers, business partners, employees, natural environment and wider society (Fig. 7) . It should be stressed that the relation of responsibility is usually mutual (although not necessarily based on reciprocity principle). It may be generally categorised into three types (Iatridis, Schroeder 2016) :
-Contractual responsibility -stemming from the contracts effected between two or more parties (high specificity). -Legal responsibility -stemming from the fact of operating in a particular business field in a given national and international legal environment (medium specificity). -Moral responsibility -stemming from the values represented by the organisation and/or by the wider society (low specificity). Current socio-economic context demands of the enterprises to look at the notion of (corporate) responsibility not only form the perspective of burden, constraints and arising costs but also as relationships that create opportunities to align their innovation systems to the needs and values of the society. Thus, internalising the concept of responsibility in the culture and strategy of a company may facilitate in the longer term the development of new products and services that are competitive in the market thanks to the deeper and more sophisticated understanding of customers' needs and aspirations. RRI may be treated as a lens through which all aspects of corporate responsibility related to the process, procedures and outcomes of innovation processes are visible (Fig. 8) . The concept of Responsible Research and Innovation assumes that there is more to the responsibility of an enterprise than just to use its resources and engage in activities designed to increase its profits so long as it remains engaged in open and free competition, without deception or fraud (Friedman 1962) . RRI expects that enterprises show active commitment to effecting a change for better in the community, society and country (Drucker 1993 ) and that they show the ability to answer for their impacts (European Commission 2011). As one can see, there is a clear shift in the centre of gravity -from the shareholder to the stakeholder.
Relation of RRI to other concepts
One may list a number of terms and concepts that deal with the interplay between scientific/technological progress and its social, economic, environmental, political and spiritual impacts. An ad-hoc (and surely incomplete) list includes: responsible development; research integrity; responsilbe research conduct; constructive technology assessment; real-time technology assessment; anticipatory governance; public engagement in science; creating shared value; ethical, legal and social implications of science (ELSI); ethical, legal and social aspects of science (ELSA), value-sensitive design, corporate social responsibility; corporate responsibility; corporate sustainability; corporate accountability; corporate citizenship; corporate social performance; responsible innovation; responsible industry and innovation systems; responsive stewardship; sustainable and social innovation; midstream modulation; upstream engagement; environmental and social impact assessment (Ejdys 2004) ; life cycle (sustainability assessment); strategic environmental assessment (Nazarko 2015a) .
The very realisation of the number of various terms and concepts connected to responsibility and social awareness in R&I activity is quite overwhelming. It opens an opportunity for researches to catalogue, characterise and develop typologies of the aforementioned approaches. That would bring about some much needed clarity and intellectual tidiness to the RRI discourse.
Whereas it is beyond author's capabilities to work out in this paper a coherent classification of all the concepts listed in the previous paragraphs, a proposition to link some key RRI-related frameworks is offered here (Figs 9-11) . It was noticed that all three key concepts concerning scientific/technological progress and its impacts on Earth and humanity (i.e. Responsible Research and Innovation, Technology Management and Future-Oriented Technology Analysis) make references to Technology Assessment (TA). TA may be defined as the systematic study of the effects on society, that may occur when a technology is introduced, extended, or modified with emphasis on the impacts that are unintended, indirect, or delayed (Coates 1976) .
In Figure 12 author puts forward Technology Assessment an "anchor concept" that connects RRI, FTA and TM. Figure 12 reveals that TA, which is a wellgrounded idea developed since the 70s, may serve as reference point for elaborating and refining younger concepts of RRI and FTA. The figure also shows that -thanks to its connection to Technology Management -TA may be seen as an effective channel of making Responsible Research and Innovation relevant to the business world. And conversely, the growing popularity of RRI may induce interest in TA as a promising management instrument suitable for a complx and fast-changing business environment (Belina et al. 2015; .
Relevance of RRI for technology management in enterprises
RRI was initially promoted as a research and innovation governance framework especially suited for public funders of research and decision-makers in the innovation policy domain (Nazarko 2011) . The framework encompassed six policy agendas: Governance, Science Education, Ethics, Open Access, Gender Equality and Public Engagement. Scholars, practitioners and policy-makers soon realised the potential the RRI has in the business environment (Griessler 2015; Iatridis, Schroeder 2016) . Table 1 presents the RRI policy agendas accompanied by explanation in what way each agenda is relevant and applicable in business and industry.
Basing on the work of Guadamillas-Gomez and Donate-Manzanares (2011), Iatridis and Schroeder (2016) make effort to pair up RRI principles and agendas with concrete Corporate Responsibility tools to show the strong interdependence between the two frameworks. Additionally, they provide a list of ready-to-undertake practices Nazarko et al. 2012; Owen et al. 2013; von Schomberg 2013; Iatridis, Schroeder 2016; RRI Tools 2016) RRI principle Relevance and applicability in businenss and industry
Ethics
Ethical considerations to be embedded in the R&I process from the beginning.
Gender equality
Affects industries' traditional structures, offering new business opportunities, enhancing creative potential.
Governance RRI as an extended version of Corporate Social Responsibility (CSR). Open Access A way to foster Open Innovation in enterprises.
Public Engagement
Engaging stakeholders in the implementation of socially desirable responsibility measures in end-products and industrial processes.
Science Education
Increasing work force innovation capability thanks to innovation and science education strategies.
Sustainability
Identification of the environmental aspects of business operations. Smart use of natural resources and investment in eco-efficient production processes.
Risk Management
Moving beyond limited view of risk to encompass often fuzzy risks arising from R&I activities.
Human Wellbeing
Care for health and safety in the workplace; observing human rights and labour rights of employees.
Anticipation
Refining the organisational "futureproofing" with TA and foresight so that it is easier to anticipate possible future outcomes of research and innovation and their intended and non-intended consequences.
Reflexivity
Reflecting on underlying motivations, potential impacts, uncertainties, risks, areas of ignorance, assumptions, questions, and dilemmas. Building "reflexive capital" by analysing the purposes, processes, and products of science and innovation in an iterative, inclusive, and deliberative way.
Deliberation (Inclusion)
Processes of engagement and dialogue with different stakeholders. This enables the introduction of a wide range of perspectives to reframe issues and the early warning for areas of potential conflict.
Responsiveness
An iterative process of adaptive learning that should be driven by the company ethos. Ensuring responsiveness to stakeholders in the spirit of RRI.
that enable implementation of RRI. That list includes internal and external auditing procedures; interaction with customers; surveys conducted to enhance supply chain management; information transparency, accountability and best practice approaches; dissemination of results on corporate social, environmental and financial performance; obtaining environmental and quality certification; promotion of learning and professional development.
Conclusions
RRI is a new conceptual proposition in the domain of innovation governance and technology management. As it normally happens, the development of a concept should be followed by elaborations on the operational level. Therefore the author considers the study on RRI tools and metrics a very promising and uncharted research direction.
With RRI becoming a Horizon 2020 crosscutting action (European Commission 2013) one may be confident that the trend visible in the Figures 1 and 2 continues for at least half a decade from now. It remains to be seen, however, if later on RRI establishes itself for good as a robust framework of innovation-society relations or if it gives way to some next fashionable concepts that would evoke a new wave excitement among the EU policy makers.
Despite a certain degree of uncertainty regarding the future of the RRI concept it was argued in the paper that Responsible Research and Innovation, unlike smart specialisation (Nazarko 2014) , has a potential to grow into a well founded framework for evaluating the role of science and technology in contemporary society. This article has established a conceptual link between RRI, Technology Management and Future-Oriented Technology Analysis with Technology Assessment as an anchor. It is author's hope that this work serves as a useful entry point for other studies in the field of RRI.
